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INTRODUCTION
Hz THE past 10 years, phenomenal advances have been made in the

regulation of plant growth by organic compounds including some

now used as herbicides. The introduction of new chemicals, new
weed-control techniques, such as pre-emergence treatment, and low
gallonage application are among the most important recent develop-
ments in the use of organic compounds for weed control. It is esti-
mated that losses caused by weeds on farms have now reached 5
billion dollars annually, and at present well over 30 million pounds
alone of the phenoxy compounds, 2,4-dichloro, 2,4,5-trichloro-, and
2-methyl-4—chlorophenoxyacetic acids (2,4-D, 2,4,5-T and MCP)
are being used for herbicidal purposes to help combat these losses (9).
The most recent of these three compounds to appear on the market
in this country as an active ingredient in herbicidal formulations is
2-methyl-4—chlorophenoxyacetic acid. The chief claim made for it
use as a herbicide is that it is less injurious to certain grasses, cereal
crops and legumes and more effective on certain weeds than 2,4-D.
Fertig (4) concludes that MCP is slower in action and definitely less
injurious to legumes, and Crafts (3) cites a number of investigators
who have shown that MCP is more selective than 2,4-D, particularly
where clover, flax and other crops having leaves hard to wet are con
cerned. High specificity of the compound is indicated by numerout
reports in the literature; Robinson’s (8), on the effectiveness of MCF
in selective weed control, is one example. However, from recen’
recommendations (1), there appears to be some disagreement on the
use of MCP, indicating need for further testing and experimentatior
with the compound and its derivatives. MCP as sold may contain uf
to 409 of impurities by weight, some of which, according to Hanser
(6), may have toxic properties. )

Although the mode of action of the halogenated phenoxyaceti
acids is not fully understood, indications of the mechanism involvec
when plants utilize some 2,4-D derivatives have been obtained b
the synthesis and testing of a number of D-, L—, and DL-aminc
acid derivatives of these compounds. It has been reported that com

presented in part at Eighth Annual Meeting, Northeastern Weed Contro
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pounds prepared at this Laboratory (11) of the N—(2,4-dichloro-
phenoxyacetyl)-L-amino acid type appear to possess plant-growth
modifying activity of the same magnitude as 2,4-dichlorophenoxy-
acetic acid (10,11). The DL-derivatives of this series are approxi-
mately one half as active as the L-isomers (10).

Plants affected by this type of growth-modifier appear to have
cellular hydrolytic enzymes capable of splitting the amide linkage of
L-amino acid compounds to liberate the free carboxyl group ol the
substituted phenoxyacetic acid which is deemed esscntial for activity.
In the earlier investigation (11), the D-amino acid derivatives ap-
peared to have little or no growth-modilying activity, suggesting
that the assay plants were incapable of splitting the D-amide link-
age; however, some of these D-amino acid derivatives did cause fruit
to set and produced parthenocarpic fruit.

Because 2-methyl-4—chlorophenoxyacetic acid has important herb-
icidal properties and the amino acid derivatives of 2,4-D previously
prepared (11) have been of particular value to investigators studying
the mode of action of plant-growth modifiers (10), it was deemed ad-
visable to prepare a series of MCP derivatives of the D—, L—, and DL-
amino acid type. The new compounds prepared are listed in Table
1. Preliminary screening tests have been made, and a broad sys-
tematic herbicidal evaluation, including pre- and post-emergence
tests, of the compounds is in progress.?

MCP AMINO AcID SYNTHESIS

The general procedure used for the preparation of the 2-methyl-
4—chlorophenoxyacetyl derivatives is similar to the one described by
Wood and Fontaine (11) for N-(2,4-dichlorophenoxyacetyl)-D-as-
partic acid. The method is essentially the Schotten-Baumann reac-
tion involving the use of the phenoxyacetyl chloride as intermediate.
Modifications of the procedure are outlined under “Reaction Con-
ditions”. Materials Used. The 2-methyl-4-chlorophenoxyacetic acid
used in this work was obtained from commercial sources® and fur-
ther purified by recrystallization from benzene; m.p. 119°-120° C.
The amino acids were the best obtainable from commercial sources
and were used as received without further purification.

2-Methyl—4—chlorophenoxyacetyl chloride. This compound was
prepared in 93.5% yield by the reaction of 2-methyl-4-chlorophe-
noxyacetic acid (I) (1 mole) with thionyl chloride (1.5 moles); the
method used was essentially that described by Freed (5).

O_F o_mh_
O_.!\ —O0-CH,-COOH+S0ClL, —> O_|/ V|O|O:”OOO_+mO»+mOr

I

-

*Herbicide tests being conducted by Dr. W. C. Shaw, Division of Weed Investi-
gations, Bureau of Plant Industry, Soils, and Agricultural Engineering, Beltsville,
Md.

sSupplied through the courtesy of Dow Chemical Company, Midland, Michigan
and Monsanto Chemical Company, St. Louis, Missouri.
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The acid chloride (II) boiled at 70.0° C. at 0.005-0.008 mm., with
constant index of refraction (np32-8°) of 1.5400. It consisted of a color-

less, super-cooled liquid which crystallized upon refrigeration.

N—(2-Methyl-4-chlorophenoxyacetyl)-L-leucine. The following
description is included to illustrate in detail the general procedure
employed in the synthesis of all the previously mentioned MCP
amino acid derivatives. L-Leucine (111) (1.31 g., 0.010 M) was dis-
solved in 30 ml. of 1 N sodium hydroxide (0.030 M), and the mixture
was chilled in an ice bath to 5° C.-2-Methyl-4-chlorophenoxyacetyl

owa
— NaOH
CH;-CH-CH,~-CH-COOH+CI’ VIo.omﬁooo_lsnY

_ _
omu z:»

111
CH;-CH-CH,-CH-COOH

_ |
omguw Jm
cl—" vlaromﬁoo _<

chloride (2.15 g., 0.010 M) was dissolved in 8 ml. of benzene; the so-
lution was chilled, and then added dropwise with mechanical stir-
ring, over a 5 to 10-minute period, to the alkaline L-leucine solution

(temperature maintained at 5° C.). The reaction mixture was stirred

for 1 hour while it was allowed to warm up to room temperature and

was then extracted once with a 40-ml. portion and three times with

10-ml. portions of ether in a separatory funnel. The ether fractions

were combined and washed with 10 ml. of distilled water. The water

washing of the ether fraction was added to the alkaline aqucous solu-

tion of the product. The alkaline solution was then neutralized with

1 N hydrochloric acid to pH 2. During the addition of hydrochloric
acid a white crystalline precipitate began to appear at about pH

3.5-4. After cooling in the refrigerator for 1 hour, the N—(2-methyl-
4-chlorophenoxyacetyl)-L-leucine (IV) was filtered off, slurried
three times with water, filtered off after each slurry and finally left
overnight in a vacuum desiccator, which was continuously evacuated
by vacuum pump. The dried derivative was then washed three times
with hot 10-ml. portions of petroleum ether (boiling range 63-70° C.).
‘The crude yield was 2.29 g. (73.0%), m.p. 146-147° (Kofler micro
melting point apparatus). The product dissolved in approximately
175 ml. of boiling 509 ethanol. After recrystallization, the yield was
2.13 g. (67.8%), m.p. 149-151°.

Reaction Conditions. The following modifications of the method
of Wood and Fontaine (11) were used in the preparation of the 2-
methyl-4—chlorophenoxyacetyl-amino acid derivatives:
"The amino acids (0.010 to 0.020 molar) were dissolved in 3 mole-

equivalents of alkali as described. Although chilling of the reaction
mixture during addition of the 1 mole-equivalent of acid chlorides
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Table 3. Index values of growth-modifying properties of 2-methyl-4-chloro-
phenoxyacetyl derivatives of D- and L-amino acids.

Pinto  |Black Valen-| cycumber | Sunflower Barley Corn

Amino acid Bean tine Bean

D L D L D L D L D L D L

Alanine.......... 78% 94 | 94 94 5 90 | 67 70 | 42 42 | 93 93
Asparticacid. . ... 44 39 | 33 94 | 62 90 | 52 59 | 33 67 | 60 93
Leucine. . ....... 0 100 0 100 | O 90| O 78 | 50 83 | 80 93
Methionine. . 39 100 | 61 100 | 67 920 | 26 56 | 42 42 | 80 93
Phenylalanine 0 72 0 100 0 90 0 67 | 33 42 | 67 93
Threonine 39 78 | 61 100 | 67 90 | 26 78 | 42 58 | 80 923
Parent aci 100 100 91 74 67 93

*Index values (I.V.) represent calculated percentage of maximum effectiveness based on observed
stem curvature, epinasty, cellular proliferation, formative effects and suppression of regulative
growth at 2,4,6 and 14 days.

Summation of observed values for responses (2, 4, 6 and 14 days) X 100

L.V.
Total number of observations (2, 4, 6 and 14 days ) X3 (max. rating)

tive is suggested as one of the possible reasons for this behavior. In
barley, all three isomeric forms of alanine-MCP compounds seem to
have somewhat limited effects on growth, with no killing action. The
corn plant is somewhat more responsive to these compounds than
barley; marked formative effects* were apparent but all plants sur-
vived the treatment. In some instances alanine compounds actually
killed the plants, 100% of the sunflower and 33-50% of the Black
Valentine bean; also L— and DL-alanine killed 100% of the cucum-
ber.

Aspartic Acid, Methionine and Threonine Compounds:—All op-
tical forms of these three amino acid compounds possess slight to
marked influence upon growth responses (Tables 2 and 3). Gener-
ally, however, the D—isomer was not so effective as the L—form. In
the case of the aspartic acid derivative, however, the response of the
Pinto bean and sunflower to the D-isomer was essentially the same
as that of the L-compound.

The Pinto bean (Table 8) gave a moderate response to D—and L~
aspartic acid derivatives and the D-methionine and D-threonine de-
rivatives. Cell proliferation occurred, however, at the area treated
with both D-threonine-MCP compound and all forms of aspartic
acid derivatives. These compounds induced a similar effect when
applied to bean, sunflower and corn plants (Table 2). In general, the
Black Valentine bean, the cucumber and the sunflower responded
to a marked degree to the L—forms; all except L-threonine caused
death of plants in every case. The DL—forms of aspartic acid-methi-
onine- and threonine-MCP compounds were less effective. The
D—forms of these three compounds never resulted in the death of
any plant in the 2-week testing period. Barley was less responsive
than corn to all optical forms of these three amino acid derivatives.

Leucine and Phenylalanine Compounds:—Differences in responses
of plants treated with the D- and L-leucine and phenylalanine de-

+Unusual leaf shape.

rivatives are most striking (Table 2). The Pinto and Black Valenti
vmmwm.. cucumber and sunflower showed no response to the Mlnmw“_n”“
ol these compounds. Growth inhibition and slight stem curvature oc
curred in the barley and corn plants, and the D-compounds had
formative effects on corn. The D-isomers, however, did not produce
death of plants during the test period. In these plants the amide link-
age of the D-amino acid derivative appeared more difficult to hydro-
lyze than did that of the L-form. Behavior of the L- and DL—~forms
of leucine and phenylalanine was similar to that of the other amino
acid L- and DL—forms previously described.

In these tests, the amino acid-MCP derivatives have shown marked

selectivity depending on the kind i i ical i
selectlv E:Qﬂ ol :mn ‘ ind of amino acid, the optical isomer,

SUMMARY

m>b series of new 2-methyl-4-chlorophenoxyacetyl derivatives
of D, L-, and DL-amino acids was prepared, and the compounds
were tested for plant-growth modifying activity.

In general, the derivatives of DL- and L-amino acids were active
as plant-growth modifiers when tested on 6 different plants; those of
D-amino acids were less active. The D-leucine and Ulv:ms.ﬁm_wi:n
derivatives were inactive over the 2-week test period. Results varied
in degree but were in close agreement with those previously reported
for the behavior of some corresponding 2,4-dichlorophenoxyacetyl
amino acids. The individual D-amino acid derivatives, exhibited a

high degree of specificity and a wid i i
) f e variety and degree i
relative to various plant responses. Y grec of activiy
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